The general genetic algorithm is difficult to obtain the optimal solution in the uncertain flexible workshop environment, there is often a variety of uncertain interference events that obstructive to production scheduling. An improved genetic algorithm is introduced to solve the production scheduling model. On this basis, an Event-driven Strategy and Changed-cycle-driven Strategy that can cope with unexpected situations is proposed to cope with dynamic changes in the production environment. When interference occurs, trigger the rescheduling mechanism to reduce interference effects. Finally, a case study of a company is carried out to demonstrate that the above research can get a satisfactory scheduling plan.
Introduction
Nowadays, manufacturing enterprises are facing internal and external pressures of deterioration of resources and environment, and manufacturing costs are rising. It is urgent to optimize the allocation of resources while provide the best service to the customers in the shortest time. The production scheduling [1] has gradually become a hot spot.
The scheduling is optimizing the resource allocation in time and space for the purpose of achieving a certain goal. Moreover, production is "dynamic" and there is no absolute "static production". Fierce market competition makes the manufacturing workshop full of diverse uncertainties, such as changes in the production environment, resource availability and unpredictable emergencies [2] . The original plan of production scheduling inevitably deviates, and this deviation will seriously affect management efficiency and core competitiveness. Fang J and Xi Y [3] combine genetic algorithm with dispatching rules, and propose a periodic rolling scheduling strategy which can deal with dynamic processing environment. LU Wei and ZHANG Jie [4] adopted the hybrid ant colony algorithm for dynamic scheduling, which is on the basis of variable cycle rolling window technology.
In order to solving the problem of Flexible Job-Shop Scheduling Problem (FJSP) in dynamic environment, In this paper, a dynamic scheduling strategy, which combines Event-driven and Changed-cycle-driven, is used to solve the production scheduling model. An improved genetic algorithm is adopted, the minimum maximum completion time is the objective function. Finally, an example of a company is used to verify the feasibility of the method.
Description of Flexible Shop Scheduling Problem
In flexible job shop scheduling problem, the workpiece can be machined on multiple machines, and the processing time on different machines is also different, So the range of feasible solutions is expanded. The problem is described as follows: n workpieces are processed on the M production equipment. Each workpiece J i has a series of processing orders, and P ij represents the j process of the workpieces of i. The purpose of the scheduling is to reasonably arrange each piece to the corresponding production equipment and determine the processing order and start time of the work pieces. Other constraints are as follows:
(1) The process of each piece is not always the same;
(2) A process of each workpiece can only be processed once;
(3) The workpiece that has been processed must not be interrupted; (4) The latter process of the same workpiece must wait until the previous process finished. But the processes of different workpieces do not affect each other.
The objective function as formula (1) and C i represents the completion time of the process i.
Dynamic Scheduling Strategy
The periodic scheduling strategy is scheduled once every certain period, When the system clock detects the processing time reaches the preset value, or when the counter reaches the preset value [5] .
The shortage is unable to deal with all kinds of sudden events, and the scheduling cycle is difficult to determine. But Event-driven scheduling strategy can perfectly solve this problem and make up for the shortage of periodic scheduling.
In summary, the dynamic scheduling strategy is introduced which is base on the combination of event-driven and changed-cycle-driven strategy, and the variable cycle rolling window technology is used as the implementation technology [6] . At the initial time, a number of workpieces are selected to be stored in the workpiece window. These workpieces are then initially scheduled and processed according to the scheduling results. For a while, the finished workpiece is removed from the workpiece window and added to be processed, so that the workpiece window is rolling and running. until all the workpieces are processed [3] . Thus the uncertain scheduling problem is decomposed into a series of dynamic but identified scheduling problems and then optimizes each rolling window online and make the system optimal in the window, Until all the tasks are completed. The two strategy model are shown in Figure 1 . The workpiece window is divided into three types. 1) completed window: store the finished workpiece; 2) waiting window: store the workpieces that are to be dispatched but no process; 3) scheduling processing window: store the work piece comes from the waiting window and dispatched by scheduling results.
This paper adopted the variable period rolling window technology to cope with the problem of changing load in manufacturing system. The system continuously monitors the load, and the load of the system is reflected by the increase of the cumulative processing time TP, the f represents the number of scheduler, and the T s is the cumulative processing time of the machine between the two scheduling. The relationship between the three as formula (2) . Ts=TP/f.
(2) According to formula (2), the load of the system increases with the increase of the number of rescheduling, and decreases. This method is in line with the actual production status.The specific steps of the dynamic scheduling strategy are as follows.
Step1: After the production task released, adopting algorithm to optimized and generating initial scheduling scheme;
Step2: To judge whether there is a disturbance event. Yes turn to Step 4. Conversely continue the original scheduling plan;
Step3: Computing schedule cycle. If the scheduling cycle is reached, a new scheduling scheme will be generate, on the contrary, carry out the original plan;
Step4: Judging the type of uncertain events, selecting the corresponding scheduling plan and continue to implement the new plan.
Improved Genetic Algorithm
The genetic algorithm (Genetic Algorithm) has a strong ability to solve the problem of solving nonlinear optimization problem. What a pity is that tradition chromosome is difficult to express accurately for complex optimization problems. But the multi-layer coding genetic algorithm has multi-layer coding which can fully and accurately express the solution of complex problems, expand the field of application.
The individual uses the two layer coding to complete the representation of the solution. The length of the chromosome is twice the total amount of working procedure. The first layer is the equipment number that can handle the different work piece. For example, the gene is 2-1-4-3-2-3, then the corresponding machine order is M 2 -M 1 -M 4 -M 3 -M 2 -M 3 . The second level represents the processing order of all workpieces. Assuming that the gene is 1-2-2-1-1-2, the corresponding sequence is P 11 -P 21 -P 22 -P 12 -P 13 -P 23 . When decoding, first decode the processing machine number, then the processing sequence. All processes are arranged in the proper machining position.
The roulette method is used to select the operation, and individuals with relatively strong fitness will have a greater chance of survival. Cross operation is the exchange of two random individuals in the population by exchanging partial genes, so that the new gene combination is expected to combine better genes and promote the evolution of the whole population. Mutation operations is the replacement of some gene in individual and generate new individuals. Assuming that the positions of variation are 2 and 4, the processing sequence of positions 2 and 4 and the corresponding serial numbers of processing machines are exchanged.
Simulation Experiment
Taking L company as an example, and adopted MATLAB programming. The scheduling strategy and algorithm proposed in this paper deal with the typical dynamic scheduling problem of workpiece cancellation and emergency job. The population size is 40, the number of iterations is 100, the crossover probability is 0.8, and the mutation probability is 0.6.
The initial scheduling scheme is as shown in Figure 2 as follows and the maximum completion time is 53. First, it is assumed that cancelled the workpiece 3 at the time of 30. At this time, the fifth process is already processing. And it will be continue according to the principle of not interrupting the process, but the procedure 6 will be cancelled. The new scheduling scheme as Figure 3 .
Then assuming that the emergency job 7 received at 40, and it have prioritizing requirements according to the dispatching rules. So the workpiece 7 is inserted into the scheduling optimization. The completion time is 70. The dynamic processing results are shown in Figure 4 . 
Conclusion
This paper takes the improved genetic algorithm as the dynamic scheduling algorithm, within the dynamic scheduling strategy combining Event-driven and Changed-cycle-driven, and uses the rolling window technology as the supporting technology to copy with the disturbance events such as the workpiece cancellations and emergency workpieces in the dynamic scheduling, and an example is given to verify the effectiveness of the method.
